Electron energy levels for a finite 1 elliptical quantum wire in a 2 transverse magnetic field 3 4 5 Abstract: We investigate the electron ground state energy, the first excited energy and the electron 6 density of probability within the effective-mass approximation for a finite strain elliptical wire. A 7 magnetic field is applied perpendicular to the wire axis. The results are obtained by diagonalizing 8 a Hamiltonian for a wire with elliptical edge. The electron levels are calculated as functions of the 9 ellipse parameter of the wire with different values of the applied magnetic field. For increasing 10 magnetic field the electron has its energy enhanced. The electron energy decreases as the elliptical 11 wire size increases. The density of probability distribution in the wire with different size in the 12 presence of a magnetic field has been calculated also. 
38
In the theoretical works, it is customary to assume a circular, rectangular, V-groove and T shape 39 for quantum wire. Considerable experimental and theoretical attention has also been devoted to 40 elliptical quantum wire and ellipsoidal quantum dot. There are many investigations focus on the 41 quantum wires and quantum dots. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] The scattering matrix and Landauer-Buttiker formula within 42 the effective free-electron approximation has been used to investigate theoretically the electron 43 transport properties of a quantum wire. 20 The effects of strong coupling magnetopolaron in 44 quantum dot has been studied by using variational method. 21 The ground-state energy of electron 45 in a quantum wire in the presence of a magnetic field parallel to wire axis is calculated. 22 The 46 influence of laser field in quantum wells and dot have been considered also. [23] [24] [25] The linear and 47 nonlinear optical absorption in a disk-shaped quantum dot is investigated in a magnetic field.
26
48 III-V semiconductor is investigated particularly. [27] [28] [29] [30] [31] In addition, quantum ring has been studied 49 also. 32-35 A two-electron system of a quantum ring under the influence of a perpendicular 50 homogeneous magnetic field has been investigated. 35 Among the papers, electron energy spectrum 51 in quantum wires have been studied. Electronic states in quantum dots have been calculated. 52
Binding energy in quantum rings have been studied using variational method. 53
In this paper, we present a diagonalization technique (within the effective-mass approximation) 54 for obtaining the electron energy levels and wave functions in a finite potential wire of the shape 55 of ellipse. Then we have the electron ground states and the first excited states varied with 56 transverse magnetic field and the ellipse eccentricity of the wire considering the lattice mismatch 57 of the wire. We have calculated the density of probability distribution also. In Sec.II we set up our 58 model and Hamiltonian. In Sec.III we present our numerical results. We offer conclusions in 59
Sec.IV. We expect that these conclusions will be useful in perfecting the understanding of the 60 growth process. 61 62 II. THEORY 63
We note first of all that the shape of the wire is ellipse. Let us consider an electron moving in a 64 quantum wire of elliptical shape. We consider the geometry of InAs/InP QWR as a elliptical 65 quantum box with the major axis a along the x direction and semi-major axis b along the y 66 direction. Different effective masses are assumed inside and outside the wire. Schematic 67 illustration of a elliptical quantum box is given in figure 1 . Electron is confined in the x-and y-directions and can move freely along the wire direction 74 because of the strong confinement in the x-y plane. Within the effective mass approximation, the 75
Hamiltonian of the electron in a quantum wire is given by 76 We have used the effective electron Bohr radius in InAs, 
We investigate the elliptical quantum wire in elliptic coordinates system. In the elliptic 104 coordinates ξ and θ bound to the Cartesian by the relationships
where h is half of the distance between the foci of the ellipse. We expand the electron wave 107 function in terms of confluent hypergeometric function basis set because of a magnetic field is 108 perpendicular to the axis of the wire, 109 The elements of the Hamiltonian matrix can be given as 122 After obtaining the eigenvalues (the ground states and the excited states) and the wave functions 125 of the electron, we can get the energy levels when the magnetic field fixed and the electron density 126 of probability distribution. 127 128
III. NUMERICAL RESULTS AND DISCUSSIONS 129
In order to study the electron energy levels and the influence of a transverse magnetic field, the 130 ground state energy, the first excited state energy and the density of probability distribution have 131 been calculated for different magnetic fields. Several different size elliptical quantum wires have 132 been investigated in this paper. The parameters we used in this paper are list in Table 1 figure 3 , it can be seen that the energy value in the wire when the magnetic field equal to 167 1.0T is bigger than that of 0.5T because of large magnetic field effects. 168
In Fig. 4 , we plot the fist excited energy of electron versus the parameter 0 figure 5 , we obtain that 185 the first excited energy of the electron in a magnetic field equal to 1.0 T is bigger than the energy 186 in a magnetic field equal to 0.5 T when the size of the wire is fixed. That is because when the wire 187 size is fixed, the value of the first excited energy of the electron with the bigger applied magnetic 188 field becomes more big due to the energy comes both from the spatial confinement and the 189 magnetic field confinement. From Figs. 3 and 5, we can conclude that the first excited energy is 190 bigger than the ground state energy in a wire with a fixed magnetic field.
191
We can also calculate the electron ground state energy and the first excited energy when the 192 magnetic field varies or the value of the magnetic field equal to zero using this method. For a 193
given wire, the ground state energy and the first excited energy of electron increase as the applied 194 magnetic field increases in the elliptical quantum wire.
195
The electron ground state energy is similar to the case that the magnetic field parallel to the wire 196 axis 22 when the value of the magnetic field equal to 0.5T. It is probably that the difference of the 197 two cases that in the presence of the magnetic field along x-axis and z-axis is obviously when the 198 value of the magnetic field becomes larger. from the axis, so the electron energy is become bigger correspondingly. 211
We can calculate the density of probability distribution in other region of the wire, such as 212
π and so on. We can also get the density of probability distribution in other In summary, considering the hydrostatic strain，through investigating a self-assembled InAs/InP 220 finite elliptical quantum wire in a transverse magnetic field by a diagonalized method within the 221 effective-mass approximation, we have obtained that the ground and first excited state energies 222 and the density of probability distribution. The ground state energy has been compared with that 223 one obtained when the magnetic field applied along z-axis. 224
The main results are that the ground state energy and the first excited state energy are become 225 small as 0 ξ varies from 0.1 to 0.5 with wire tends to shift the electron wave function away from the wire center with a fixed magnetic 233 field, so the electron energy is become bigger in a smaller size wire. The electron ground state 234 energy is similar to the case that the magnetic field parallel to the wire axis when the value of the 235
